A Human Activity Based Operational Knowledge Elicitation Method  by Yamamoto, Shuichiro
 Procedia Computer Science  96 ( 2016 )  848 – 858 
1877-0509 © 2016 Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of KES International
doi: 10.1016/j.procs.2016.08.263 
ScienceDirect
Available online at www.sciencedirect.com
20th International Conference on Knowledge Based and Intelligent Information and Engineering 
Systems 

Shuichiro Yamamotoa*
aNAGOYA UNIVERSITY. Furo-cho, Chikusa-ku, Nagoya Aichi 460-8601 Japan. 
Abstract 
For managing information systems operation, it is necessary to clearly describe not only dynamic interactions 
between subjects and target operations on the information systems, but also their environmental context. In this 
paper, a method to elicit and design systems operation knowledge is proposed based on the structural model of 
human activities. An example of the proposed method is provided how to elicit and revise the operational knowledge 
by using an incident management guideline. 
The practical application is also described to show the effectiveness, critical issues and limitations of the 
proposed method.
© 2015 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of KES International. 
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1. Introduction  
It has been reported that approximately 40% of damage to critical infrastructure is caused by the system operation 
[1]. The fact that problems with infrastructure damage occurs frequently due to system operations means that critical 
infrastructure systems are being operated with insufficient systems operation knowledge. There is a need to establish 
a method to clearly define system operation knowledge. Despite the existence of situation-dependent interactions 
between the actor and object, conventional system operation process manuals contain only the operational process, 
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and do not clearly define these dynamic interactions. 
In order to reduce the damage to critical infrastructure, it is necessary to record operating knowledge considering 
these dynamic interactions with the operating actor based on this essential characteristic of operating systems. One 
method that has been proposed to record these dynamic interactions with the actor in the operating the system is the 
system operation knowledge elicitation method [2]. This paper describes the points to note related to the 
introduction of this system operation knowledge elicitation method in an operating worksite, as well as the 
effectiveness and limitations of this method based on the experience applying it to an actual system in operation. 
The rest of the paper is as follows. Section 2 describes the system operation knowledge elicitation method. Example 
application of the proposed approach is explained in section 3. Evaluation of the application is described in section 
4. Related work is shown in section 5. Section 6 summarizes this paper. 
2. System operation knowledge elicitation method 
2.1. Human Activity Model 
The system operation knowledge elicitation method is a method proposed in which operational activities are 
recorded based on a) the operating actor, b) pre-conditions, c) system that is the object of operation, d) post-
conditions, f) events, g) responses, h) operation process, i) inputs, j) outputs, k) operation rules, l) stakeholders, and 
m) roles. This method can be used to manage system operations by matching the actor and object with the operation 
process. The content of the operation process can be described in terms of the operating event, response, input and 
output, operation rules, the operating stakeholders and their roles, and is thus characterized by the capacity to clarify 
the operation rules and roles, which tended to be vague in the past. Thus this method can be used to clarify not just 
the interactions between the operating actor and system, but also the interactions between the operating actor and 
stakeholders. The operating rules are related to all of these classes and are not shown. The activity actors, activity 
objects, and stakeholders shown in these concept classes also have pre-conditions and post-conditions, and the actor 
that generalizes these have been defined as having these pre-conditions and post-conditions, with the activity actor, 
activity object, and stakeholders all shown as subordinate concepts. 
2.2. Operational activity definition card 
The operational activity model can be described using an existing diagram format such as UML. However, there is a 
significant possibility that in the system operation worksite has few engineers well-versed in UML. On the other 
hand, a form is sufficient for describing these 12 items. Also, a form requires no knowledge of UML. A form 
designed so that these 12 items can be directly recorded is shown in Fig. 1 below. Of course, a UML can be used to 
create diagrams based on the information in this form such as use case diagrams and activity diagrams. 
When completing an operational activity definition card, one issue is the granularity required for the information 
entered. This is covered in Section 4.3. 
2.3. Operation knowledge elicitation mode 
Eliciting operation knowledge means not only analyzing operation knowledge, but also finding deficiencies through 
the analysis process and designing future operation knowledge. When the suitability of operation knowledge that has 
been designed has been validated, operation can take place based on this operation knowledge, which is analyzed in 
the next generation of operation knowledge analysis. 
The process of eliciting operation knowledge involves repeatedly iterating through the following four modes: (1) 
Analysis, (2) Design, (3) Validation, and (4) Implementation. At the implementation stage of operations, the 
operational activity definition card can be used to visualize operational activities. 
2.4. Example of a completed operational activity definition 
Figure 1 shows an example of an operational activity definition card that was completed based on the description of 
incident management for ITILV3[3]. The figure shows an operational activity definition card that was filled in 
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adding the portions that were not known for the initially described card. The portions added are underlined. The 
following four pieces of information were added to revise Fig. 1: pre-conditions, post-conditions, operation rules, 
and the roles for the user. 
Fig.  1 Incident management activity 
In Fig. 1, “Incidents can be accepted” and “Incident log exists” were added to the pre-conditions. These are 
derived from “incident identification” and “incident logging” in the operation process. Additionally, “secondary 
support understands incident log” and “incident manager recognizes escalated information for the incident” were 
added to the post-conditions. The reasoning for the former addition is as follows:  the roles field contains 
“diagnosing the problem to solving it” as the requirement for secondary support and the operation process field 
contains incident logging as the requirement for primary support. 
The reasoning for the latter addition is as follows: the operation process field contains “incident escalation” in the 
operation process field, the response field contains “escalation information reported to incident manager”, and the 
role field contains “incident management” for the work for the incident manager. Based on this, “incident manager 
recognizes escalated information for the incident” was added. 
“Conditions for accepting incidents”, “Incident categorization rules”, “dynamically changing rules on incident 
priority”, and “escalation rules” were added to the operation rules. For the first addition, it is clear that if the 
condition for accepting incidents is not clear an incident cannot be identified as such. Thus to be able to identify 
incidents, it is necessary to add operation rules for accepting incidents. 
Based on the requirement to categorize incidents in operation rule (3), it is necessary to have rules for 
categorizing incidents as wellˊ Similarly, it can be seen from operation rules (4) and (6) that dynamically changing 
rules on incident priority and escalation rules are necessary. These dynamically changing rules on incident priority 
are required because the priority changes as the progress of investigation, the importance of different factors is 
clarified in stages. 
“Incident notification” and “acceptance of initial diagnosis” were added to the user’s role. The former was added 
because the user notifies primary support. The latter was added because the response field contains “notifying the 
user of the initial diagnosis result”. By thinking about operational activity definition cards in this way, the parts of 
the operational activities that are unclear can be clarified and improved. 
3. Example application 
3.1. Target system conditions 
The service organization introduced in this example is a public educational institution in a rural area. A local branch 
of one of the largest vendors in Japan works with this educational institution and has been in charge of operating this 
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service over many years. The operation of this service involved many instructions that were given verbally and were 
otherwise unclear and undocumented. For example, when the person in charge of operation was asked how many 
operation processes there were, he/she was not able to answer right away. Because of this, the occurrence of an 
operational problem was used as an opportunity to use the operational activity definition card to clarify the operation 
knowledge and to improve operational deficiencies. 
3.2. Introduction process of the activity definition 
A hierarchical framework was created made up of general meetings and the work division groups. The purpose of 
the general meetings was to facilitate decision-making by the service organization and the top management at the 
vendor, as well as to approve the elicited results. The purpose of the work division groups was for the service 
organization and the vendor to elicit concrete operation knowledge and to report to the general meeting group. Three 
general meetings were held in total: at the start, midway, and the final report at the end. The work division groups 
were made up of the persons in charge of operation from the service organization and vendor, as well as experts in 
operation knowledge. The work division groups involved reading and comparing the operational activity definition 
cards created at the weekly meetings, which were then confirmed by the participants. 
3.3. Operational activity definition process 
When introducing the operational activity definition cards, the stakeholders from the service organization and 
vendor have to come to an agreement and engage in continuous conversation to solve the issues related to the 
introduction of these cards. When the structure of this type of conversation is laid out, it is an iterative process. The 
structure of this conversation includes the (1) strategy state, (2) preparation state, (3) negotiation state, (4) elicitation 
state, (5) conflict state, (6) tactics state, and (7) governance state. 
In the strategy state, the definitions and strategies for the operational activities for the organization as a whole are 
reviewed in the general meetings described above. When it is decided to define the operational activities in the 
strategy state, the process then moves on to the preparation state.  
In the preparation state, preparations are made to define the operational activities for the information system in 
question. This preparation has both organizational management aspects and engineering aspects. Examples of 
preparations related to organizational management include creating an organizational framework for defining 
operational activities and establishing an implementation plan. Examples of preparations include related to 
engineering include learning how to complete the operational activity definition card and specifying how to phrase 
related knowledge 
In the negotiation state, the stakeholders operating the information system discuss the possibility of defining the 
operational activities. If the stakeholders agree to a definition of the operational activities, the process then moves on 
to the elicitation state. If they cannot agree to a definition of the operational activities, the process moves into the 
conflict state. 
In the elicitation state, operation knowledge is structured by defining the operational activities for the information 
systems. If an issue occurs while defining the operation knowledge, the issue becomes a conflict, and the process 
moves into the conflict state. 
In the conflict state, the conflicts related to defining the operational activities for which an agreement could not 
be reached are identified. If conflicts related to how operational activities are defined exist in associated 
organizations, the operational activities definition activities cannot be implemented, so to resolve these conflicts, it 
is necessary for the process to go into the tactics state. Examples of primary conflicts that actually occurred are 
shown in Table 1. This table also shows the resolutions that were selected to address these conflicts. When devising 
resolutions to conflicts, it is necessary to explore the possibilities in that particular situation. These resolutions were 
not devised through some spectacular method that can be used to derive the resolution from the conflictˊ
In the tactics state, resolutions for resolving the conflicts apparent between the information system stakeholders 
are found and implemented. Tactical activities including reviewing the strategy, finding required resources, adding 
governing rules, adding and expanding the role of mediators. Of these, the direct resolution is the addition of results. 
If it is possible to provide the technical and financial resources desired by the system stakeholders, it will be possible 
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to define the operational activities and it is thus probable that an agreement can be reached through direct 
negotiation. In contrast, reviewing strategy, adding governing rules, and adding mediators are all social and indirect 
resolutions to the conflicts that act on the conditions that the information system stakeholders are in. In this way, 
from the tactics state, the process moves to the preparation state, strategy state, or governance state depending on the 
resolution. These approaches are sometimes implemented simultaneously in parallel as multi-faceted activities. 
Table 1. Primary conflicts and resolutions 
No Conflict Resolution
1 “There are no framework or rules for defining operational activities”
It is necessary to decide on a meeting structure for defining the 
operational framework and operation rules, and to gain approval 
for them
2 “It’s difficult to clarify the areas of responsibility.
An agreement was reached based on the responsibility to explain 
the provision of service.
3
“The engineering details are not known, 
so it is difficult to make determinations 
related to operational problems” 
“The engineering details are not known, so it is difficult to make 
determinations related to operational problems” 
4 “If the operational activities are described in too much detail, it cannot be managed”
Explain that if an accident occurs, its causes and responsibilities 
cannot be found unless everything is concretely defined 
5
“Even if we do not define the operation 
knowledge ourselves, why can’t we reuse 
the operational definitions from other 
information systems?”
If the actual operational conditions differ from the operational 
framework, such definitions cannot be used directly. Also, explain 
that If the current operational conditions are not understood, it is 
impossible to judge if such definitions can be reused.  
6 “We’re too busy and don’t have the time to define operational activities”
Have work orders increase the priority of the operational activity 
definition work. Draft an operational activity definition work plan 
and manage the progress. If progress is delayed, explore ways to 
find a focused work schedule. 
7 “We don’t know how to define operational activities” 
It is necessary to give those involved practical education by 
confirming operational activities defined 
The governance state is when governing rules are added to the operational activities to ensure consistency 
throughout the entire organization, from which there is a forced transition to the negotiation state. This decision is 
made by the entire organization to eliminate any reason for individual information system stakeholders to resist. The 
decision-making for the governance state is done in the general meeting. 
3.4. Operation knowledge elicitation results 
The elicitation of operation knowledge took place over 14 weeks in total. Two weeks were spent preparing for the 
operation knowledge elicitation, and the definition of current operation knowledge was completed in two weeks. In 
contrast, creating and confirming the future operation knowledge took ten weeks.   
The number of operational activity definition cards for the future operations was 1.58 times more than for the 
current operations, and increase of approx. 60%. A comparison of the average number of entries in the operational 
activity definition card for the current operations and future operations are compared in Table 2. 
As the table 2 shows, the average number of stakeholders decreased in the future operations because the increase 
in the number of stakeholders with respect to the number of operational activity definition cards was not very high. 
The number of stakeholders does not increase very much because the number of stakeholders related to systems 
operations did not change very much between the current and future operations. 
In contrast, there was an increase of approx. 50% in the number of roles and operation processes, and it is apparent 
that the operation process has been designed in detail. 
Table 3 shows the results of a statistical evaluation based on the t-test of the operational activity definition cards 
for the current and future operations. 
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Table 2. Comparison of the average number of entries 
Item Current operation Future operations Future/Current
Pre-condition 1.448 1.879 1.297
Event 1.155 1.297 1.123
Operation process 2.879 4.385 1.523
Input 1.293 1.308 1.011
Output 1.086 1.538 1.416
Response 1.069 1.396 1.306
Post-condition 1.034 1.099 1.062
Rule 1.172 1.516 1.293
Stakeholder 1.724 1.582 0.918
Role 2.362 3.483 1.475
Table 3. Results of a t-test verification of the number of entries 
Item t-test value 1% Significance level
Pre-condition 0.0007 1% significance
Event 0.007 1% significance
Operation process 0.0000005 1% significance
Input 0.322 ˉ
Output 0.00004 1% significance
Response 0.00132 1% significance
Post-condition 0.29136 ˉ
Rule 0.01 1% significance
Stakeholder 0.00028 1% significance
Role 0.298 ˉ
Pre-condition 0.000006 1% significance
These results show that by using the operational activity definition cards, pre-conditions, events, operation process, 
outputs, response, post-conditions, rules, and roles for the operational activities were all defined in greater detail for 
the future operational activities. Also, it is believed that the lack of differences in the number of entries for input, 
object, and stakeholders was because the target systems, the number of stakeholders, and the inputs were all the 
same.  
4. Evaluation 
4.1. Points to note related to the introduction of this method 
As mentioned earlier, when introducing operational activity definition cards into an operating worksite, the points 
described below must be taken into account. 
1) Application conditions for operational activity definition 
Unless the organization has a high degree of maturity with respect to developing and operation systems or unless the 
organization has a great deal of experience, the application of operational activity definition cards may not work 
well. In the example described above, the organization in question had accumulated system operations experience 
over a long period, and it is thought that this is why the application of operational activity definition cards was 
successful. If there is no accumulated operation knowledge, it may not be possible to elicit this information as 
knowledge. However, having a large number of unknowns elicited while creating the current operational activity 
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definition card is the result one of two reasons: a lack of operation knowledge, or the existence of operation 
knowledge as tacit knowledge. With the former, it is necessary to create new operation knowledge for future 
operational activities. For the latter, it is necessary to recall knowledge that has already been acquired. Creating new 
operation knowledge is not easy if there is no operational experience. Thus it is necessary in such cases to have a 
method for designing operational activities. However, as introduced in the process to change the content of the 
activity definition card, an entry in one field sometimes allows entries in other fields to be derived. Creating a 
concrete method for designing these types of operational activity definition cards will be a focus of research going 
forward. 
During the creation of the operational activity definition cards described in the example above, the reviews of 
operational activity definition cards involved the participation of not only persons with experience operating the 
target system, but also the experts who provided guidance for defining operational activities. For the actual person in 
charge of operational activities to properly record the pre-conditions, post-conditions, events, responses, roles, 
operation rules, etc., which were traditionally not considered in the past, it is believed that conducting training 
during operations is effective. Also, the person in charge of operations is not necessarily adept at writing words, so 
recording the operation details appropriately in Japanese sentences may be difficult. In contrast, the operational 
activity definition card only requires entering sentences for the pre-conditions, post-conditions, and operation 
process; the other fields only require nouns or noun phrases. Not having to worry about sentence structure is another 
reason why operational activity definition cards can be efficiently created and easily mastered. 
2) Framework for eliciting operation knowledge 
To make it possible to make decisions regarding unknowns in accordance with the conditions that the stakeholders 
of the target system are in, it is important for the responsible persons and the required organizations to take part with 
an appropriate scope of participation. It is meaningless to elicit operation knowledge that the stakeholders cannot 
agree on. 
3) Separation of analysis from design 
In the process of creating operational activity definition cards for the current operation, insufficient pre-conditions 
and post-conditions, deficiencies in the operation rules, and vagueness in the rules may be found. If this is the case, 
and an attempt is made to resolve these issues in a fragmentary way during the analysis process, consistency may 
be lost over for the operation of the system as a whole. For this reason, even if deficiencies are found it is 
important that instead of correcting them immediately, all of the operational activity definition cards are created to 
understand the current operations. Next, based on the deficiencies in the current operations as a whole, it is 
necessary to design operational activity definition cards for future operations and confirm their consistency. 
4) Standard for entering the operation process 
When recording the operation process, it is necessary to summarize them into the smallest possible units for which 
the operating actor can take responsibility. The reason why is that when the operational activities for multiple 
operating actors are recorded together, if a problem occurs in the operation process, it is difficult to tell where the 
boundaries for the responsibilities are. In other words, if vagueness is desired in the scope of responsibilities, 
operation processes should be put together with as large a scope of responsibility as possible. However, this will 
cause delays in finding the cause of problems that occur during operation. 
5) Entries in the operational activity definition cards 
When creating an operational activity definition card those entries thought by the person in charge to be difficult to 
understand are the events, responses, pre-conditions, and post-conditions. The reason for this is that there is no 
awareness of this during current operations. It is important to make participants aware of, for example, why they are 
implementing operation process, the conditions under which this operation process should be implemented, and 
what should be done after the operation process is implemented. It is because this operation process is implemented 
done without thinking about it that it is difficult to record. In this sense, creating the operational activity definition 
card will lead to the reform of the awareness and actions of the persons in charge of operations. 
6) Means of confirming the completeness of operational activities 
It is necessary to clarify the endpoint for the operational activities as a standard for the completeness of the 
definitions for future operational activities. One possible example could be confirming the system operation using 
guidelines such as ITIL to confirm the completeness of future operations. 
7) Efforts to resolve conflicts from introducing these methods 
As shown in Table 1, when actually attempting to elicit operation knowledge using operational activity definition 
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cards, a diverse range of conflicts appear as obstacles based on the situation with the operation system and 
organization. Because of this, it is necessary to have dynamic initiatives to resolve these conflicts. 
4.2. Effectiveness
It was found that the elicitation method described above for eliciting operation knowledge using operational activity 
definition card was effective in the following ways. 
1) Efficient analysis of current operation knowledge 
In two weeks, operation knowledge for a system in actual operation was successfully documented from scratch. 
Until now, analysis of operation process for a current system was thought to be impossible without considerable 
financial resources and man-hours, and as a result has not been attempted. Based on this, it is clear that operational 
activity definition cards can be applied in an efficient way. 
2) Designing practical future operation knowledge 
The future operation knowledge was successfully designed in 10 weeks.  Based on this, it was found that eliciting 
operation knowledge from current operational activities, which are unclear, to designing and confirming future 
operation knowledge can be done in approximately 3.5 months. 
The work during this 10-week period is broken down below. With an 60% increase in the number of operational 
activity definition cards and the fact that with the added, changed, and deleted entries in the operational activity 
definition cards for the current operations, approximately 2.4 weeks was spent completing the operational activity 
definition cards. Thus, this means that reviews for adding, deleting, and changing entries documenting related 
knowledge, and confirming the operational activity definition cards for future operations took approximately 7.6 
weeks (2 months). Because operational deficiencies were found in the systems being operated, and because the 
future operational method was designed in which deficiencies can be found and addressed, the usefulness of this 
method was demonstrated. 
3) Visualizing operation knowledge 
As mentioned above, operational activity definition cards were used to clearly define an operation process that 
was heretofore unclear. Related knowledge such as the operational framework, operational rules, and operation 
workflow were also successfully defined. Because the operation process and operational conditions were defined, 
going forward, operational activities can be automated and the operation flow can be visualized; it is thus expected 
that understanding the status of incidents that occur during the course of operations will become easier. Also, the 
operational activity definition cards are defined for separate operating actors, so an operational activity definition 
card can be recorded for each operational activity, and this card can be used as trace data for the work performed. 
4) Ease of eliciting operation knowledge 
Operation knowledge can be elicited just by preparing operational activity definition cards and by documenting the 
required related knowledge using forms and management ledgers, so the persons in charge of operations in the 
worksite are able to easily introduce this method into the worksite without having to learn the new methods. 
5) Confirming the operational activity definition cards 
In order to confirm the suitability of operation knowledge that has been clarified using operational activity 
definition cards, we turned examples of past system incidents into patterns, and confirmed that the system of 
operational activity definition cards was able to appropriately able to process each incident pattern. The results 
showed that if similar incidents occur again, appropriate operational activities can be implemented to prevent 
disruptions to operations. Also, the ability to at least track and monitor operational activities in the event a new, 
previously unseen incident occurs is important. 
4.3. Limitations 
The evaluation of the application example in this paper has the following limitations 
1) Monitoring future operations 
Based on an analysis of current operation knowledge, this elicitation of operation knowledge was demonstrated to 
be effective in terms of the design and suitability of future operations; however, the implementation results for the 
future operations that were designed have not been evaluated. Going forward, it is necessary to also demonstrate the 
suitability of the future operation process that was designed. 
2) Granularity of operational activity definitions 
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The granularity of information recorded in operational activity definition cards depend on the person recording the 
information; abstract descriptions may decrease the amount recorded, but this is generally not concrete enough, so 
there are limitations to the operation knowledge that can be elicited. 
Without actual operation knowledge, the operational activity definition cards cannot be filled in using concrete 
terms, which leads to abstract descriptions. This it is important for the person in charge of the actual operations 
worksite to participate in the drafting of operational activity definition cards. To ensure that the granularity is 
suitable, an objective measure of evaluating the granularity of entries in operational activity definition cards is 
necessary. 
3) System environment and operation knowledge 
Even if two systems are similar, their operational framework and the roles and operation rules for their organization 
can differ, and so can the environments that they operate in; all of this leads to differences in operation knowledge, 
so best practices related to operation knowledge are not always transferable. Thus it is important to design operation 
knowledge for each system environment using operational activity definition cards. Based on this, it is thought that 
operation knowledge is highly dependent on the system environment, and are thus difficult to use. Accordingly, it is 
necessary going forward to clarify the criteria required to be able to reuse operation knowledge. 
4) Reviews of operational activities 
This paper does not cover the methods for confirming the suitability of operational activities that have been 
designed. For example, in the application shown above, it was necessary to concretely specify the items to elicit for 
the review as well as the completion criteria for the review. During the elicitation of review items, it was decided to 
elicit incidents thought to affect the safety of system operation, and confirm that operational activity definition cards 
could be used to perform operational activities. Through this process, we were able to enumerate the deficiencies in 
the operational activity definition cards as identified items; it was decided that the review was complete once the 
cumulative number of identified items converged. Going forward, it is necessary to establish methods for reviewing 
operation knowledge using operational activity definition cards as well as methods for measuring safety. 
5) Applied evaluations 
In this paper, only a single application was evaluated. It is necessary to apply it to more system operations and to 
evaluate it effectiveness. It is also believed that the operation analysis and design method can be applied not only to 
operational activities but to requirements definitions and other interactions between systems and human activities. It 
is necessary to explore operations-oriented requirements definition methods. 
6) Boundary principles 
When creating artificial objects with purpose, there are boundary conditions that are assumed [4]. To see if an 
artificial object realizes its intended action, it is necessary to consider the kinds of limiting situations that occur 
beyond the boundary conditions of the artificial objects in order to limit natural law or human actions. Because 
operational activities are artificial objects with purpose, there are boundaries to using operational activity definition 
cards and defining an operation process that can respond to every scenario. Thus it is necessary to define in advance 
activities that allow a response to be rapidly and dynamically decided in the event that the unexpected happens. The 
details of such operational activities in such cases are in response to unexpected situations, and so should be 
explored in a meeting in which appropriate stakeholders are present. However, it is not possible to record concrete 
information on operational activities related to unexpected phenomena in operational activity definition cards. The 
reason for this is that if operational activities for a system can be defined for an unexpected situation, this is because 
the situation was not completely unexpected.  
5. Related research 
5.1. Activity Card Items 
None of the components of operational activity definition cards are anything new, as described below. In use cases, 
the purpose, actor, pre-conditions, post-conditions, and scenario are recorded [5]. With completeness criteria for 
requirements specifications, the inputs and outputs for each state, the triggering events, output event, relationship 
between input and output events as well as the relationship between states [6]. When recording information based on 
actor relationships, the actor, pre-conditions, post-conditions, events, response inputs and outputs, as well as 
processing are recorded [7]. In quality scenarios, a source, stimuli (event), pre-conditions, inputs, scenarios, outputs, 
post-conditions, response, and evaluation criteria are recorded [8]. In activity theory, the actor, object, artificial 
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object (system), consequences (completion conditions), rules, collectives, and roles are recorded [9]. In BABOK, the 
objectives of business analysis and work details are recorded, and the method for using stakeholder, inputs, outputs, 
element work, and work are recorded [10]. Operational activity definition cards were created by extracting the items 
required for operational activities from the elements of these methods, and these cards are characterized by their 
capacity to record operation knowledge in a single card format. Also, because operational activity definition cards 
can be converted into other recording methods as mentioned above, the items recorded on operational activity 
definition cards can be applied not just to operational activities but also on requirements definitions that focus on 
system use activities. 
5.2. Visualization method 
With the Genre Ecology Model, fragmentary intellectual products can be classified and visualized on a network 
diagram to show the interactions [11]. With the Communicative Event Model, writing activity is classified in terms 
of cognition processes, products, and management and visualized using event relationships [12]. With operational 
activity definition cards, the interactions and operational status situation can be visualized based on the input-output 
relationships, event-response relationships, and pre-condition-post-condition relationships. Also, they can be used to 
classify knowledge based on the roles of stakeholder, which allows operational activities to be visualized using 
roles. 
5.3. Introduction processes of new technologies 
Using actor network theory, the process for introducing technology can be explained as a 4-stage translated strategy:  
posing the problem, creating interest, incorporation, and mobilization [13]. It was shown that the process for 
introducing operational activity definition cards requires a conversation structure made up of the following 
elements: (1) strategy, (2) preparation, (3) negotiation, (4) elicitation, (5) conflict, (6) tactics, and (7) governance. 
6. Conclusion 
This paper demonstrated that operational activity definition cards, which are based on the activity analysis design 
method, can be used to elicit operation knowledge from systems in actual use. The use of operational activity 
definition cards not only allowed heretofore unknown operation knowledge related to a current system to be 
elucidated in 2 weeks, but also allowed a future operation process in which the deficiencies of the current operations 
to be concretely documented in 2.5 months. These results shows that the use of operational activity definition cards 
can be used to efficiently elicit operation knowledge, that this is an efficient method, that this method can be used to 
visualize information, and that introducing this method is easy. Additionally, the experience of applying this method 
showed the following issues related to operating systems. These issues include monitoring the execution of 
operational activities, evaluating the granularity of information on operational activities that is recorded, how to 
reuse operation knowledge, how to review operational activity definition cards, expanding the scope of application, 
and how to respond to unexpected situations. These issues will be explored in the future research. 
References 
1. Ministry of Economy, Trade and Industry, Critical infrastructure information reliability research report; 2009 (in Japanese). 
2. Yamamoto S. On the Development of Social Knowledge Elicitation Method for IT Operation, Japan Society for Information and 
Management, 2011; 31: 3. p. 41- 51 (in Japanese). 
3. itSMF, ITILV3 Foundation Handbook, 2009 
4. Polanyi M. The Tacit Dimension: University of Chicago Press; 1966. 
5. Eriksson, H., and Penker, M., UML Toolkit, UML Guidebook: John Wiley & Sons; 1997. 
6. Leveson, N.G., SAFEWARE – System Safety and Computers: Addison Wesley; 1995. 
7. Hattori, N. Yamamoto, S. Ajisaka, T. Kitani, T. Proposal for Requirement Validation Criteria and Method based on Actor 
Interaction, 2010; IEICE TRANSACTIONS on Information and Systems; E93-D : 4. p.679-692
8. Bass L. Clements P. Kazman R. Software Architecture in Practice: Addison-Wesley ; 2003. 
9. Engeström, Y., Learning by expanding: An activity-theoretical approach to developmental research. Helsinki: Orienta-Konsultit;1987. 
10. IIBA. Business analysis knowledge system guide: 2009. 
858   Shuichiro Yamamoto /  Procedia Computer Science  96 ( 2016 )  848 – 858 
11. Spinuzzi C, Zachry M, Genre Ecologies: An Open-System Approach to Understanding and Constructing Documentation How three 
heuristic documentation tools emerge from genre ecologies. 24: 2000. p.169-181 
12. Hart-Davidson W. Spinuzzi C. Zachry M. Visualizing writing activity as knowledge work: challenges & opportunities, Proc. of the 24th 
annual ACM international conference on Design of communication, 2006. 
13. Naoki Ueno, Shingo Tsuchibashi, ed., Hybrid fieldwork design for practicing science and technology, Serica Shobo: 2006 (in Japanese). 
